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Abstract: There is evidence that cardiorespiratory fitness and physical activity significantly 
reduce cardiovascular risks in adults. A better understanding of the association between 
cardiorespiratory fitness, physical activity, and childhood obesity is vital in assessing the 
benefits of interventions to prevent obesity. This study was to examine the relationship 
between physical activity, body mass index, and cardiorespiratory fitness levels in Taiwanese 
children. A cross-sectional study was designed. Study participants consisted of 2419 school 
children (1230 males and 1 189 females) aged 12 years old hving in a southern Taiwan county 
with one the highest countrywide rates of childhood obesity. The weight status of the 
participants was defined as underweight, normal, overweight, or obese according to 
specific criteria. Cardiorespiratory fitness was then assessed by an 800-m run. Participants 
were queried on their physical activity habits via a questionnaire survey. The overall 
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prevalence of overweight/obesity was 29.6%. Normal, underweight and overweight boys 
and girls had an increased odds ratio of being categorized with higher cardiorespiratory 
fitness than obese one for both gender. A significantly higher level of cardiorespiratory 
fitness was found in children who engaged in regular physical activity than in children who 
engaged only in irregular physical activity. Obese children are more likely to lack 
cardiorespiratory fitness. Physically active children have significantly better cardiorespiratory 
fitness levels than inactive children. This study supports the conclusion that BMI and 
physical activity are significantly correlated with cardiorespiratory fitness levels. 
Findings may provide educational professionals with information to assist their developing 
effective health promotion programs to healthy weight and improving cardiorespiratory 
fitness for children. 

Keywords: children; obesity; cardiorespiratory; health promotion; school nursing 



1. Introduction 

The prevalence of childhood obesity is a major public health issue and has been increasing 
dramatically over the last decades [1,2]. In Taiwan, a nutritional survey of the nation between 1997 
and 2002 revealed that the overall prevalence of overweight school children was 29% in boys and 
21% in girls [3]. The prevalence rates of childhood obesity in Taiwan are higher than in Hong Kong 
(China) and Japan [4—6]. The highest rate of overweight and obese children (29.7%) was found in 
a southern Taiwan county in 2007 [7]. 

Epidemiological research has demonstrated that obesity and poor cardiorespiratory fitness performance 
contribute significantly to the prevalence of cardiovascular disease (CVD); in addition, related factors have 
been found to stem from childhood into adulthood [8]. Childhood obesity is also a significant risk factor for 
some cancers and type 2 diabetes melUtus (formerly known as non-insuUn-dependent diabetes) 
in adulthood [9,10]. Children with high cardiorespiratory fitness and low body mass index (BMI) 
have a lower metabolic syndrome risk compared to those with low cardiorespiratory fitness and 
high BMI [11,12]. Studies show that health professionals need to encourage better fitness and 
resolve obesity-related problems in children to ensure overall positive health during their childhood 
and into adulthood. 

As shown in previous studies [13,14], gender influences the association between cardiorespiratory 
fitness and childhood obesity. Health professionals should design programs to address childhood 
obesity by recognizing the correlation between gender, BMI and cardiorespiratory fitness, especially in 
geographical areas with a high prevalence of obesity. These would help alleviate chronic diseases and 
future problems caused by obesity. 

Physical activity is an important for improving cardiorespiratory fitness. Several studies have 
demonstrated that more active children have better cardiorespiratory fitness than inactive ones [15-17]. 
Further, studies have found children who do regular physical activity have greater muscle strength [18] 
and flexbility [19] than children who do not do regular physical activity. These findings suggest a link 
between physical activity and physical fitness, particularly in improving cardiorespiratory fitness. 
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Physical fitness in particular cardiorespiratory fitness is an important theme of the health promoting 
schools program issued by the Ministry of Education Taiwan [20], the cardiorespiratory fitness was 
integrated into the physical activity classes. Cardiorespiratory fitness is assessed in all elementary 
schools for children aged 12 years old. Cardiorespiratory fitness in Taiwan is normally assessed using 
the 800-m run test, and the maximum volume of oxygen (VOimax) can be estimated from a score 
obtained after this test from equations [20]. According to Wu [21], the 800-m run significantly 
improves the correlation between VOimax and running performance. These test results show high 
correlations with VOimax and Her [22] subsequently obtaining a correlation of 0.81 and 0.77, 
as indicated by Tsai and Yung [23] in a study of 12 year-old school children. Based on those results, 
Taiwanese health professionals in schools use the 800-m run test as a predictor of V02max 
for school children. 

Rapid increases in obesity and decreased physical fitness levels, particularly in cardiorespiratory 
fitness among Taiwanese children, warrant an investigation into how weight status and physical 
outcomes are related in Taiwanese children [24]. Therefore, this study examines the relationship 
between physical activity, BMI (underweight, normal, overweight and obese) and cardiorespiratory 
fitness levels in Taiwanese children. 

2. Experimental Section 

2.1. Design and Sampling 

The Ethical Review Committee of Chang Gang Hospital (Linkou, Taiwan) approved this study 
(No. 100-3525B). Both parents and students were oriented on the objectives and procedures of 
this study, upon which, parents or guardians and students gave their written informed consent before 
they participated in the study. 

A cross-sectional study was designed. Participants were recruited from all elementary schools in 
a southern Taiwan county with one the highest rates of childhood obesity countrywide. Children aged 
12 years old were invited to participate in this study. Some children refused to complete the 
questionnaire, and incomplete questionnaires were excluded. During the period from November 2010 
to April 2011, we recruited 2514 children in this study, and a final number of 2419 children 
(1230 male, 1189 female) completed the program with 96.2% response rate. 

2.2. Instruments 

2.2.1. Anthropometric Measurements 

Height and weight of barefooted participants in light clothing were measured in the first semester 
in November 2010. All measurements were taken by trained physical education teachers following 
standard operating procedures. Teachers calculated BMIs by dividing weight by the square of the 
participants' height (BMI = weight (kg)/height (m)^). Participants were classified based on the 
BMI international cutoff values as underweight, normal weight, overweight, or obese [25,26]. 
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2.2.2. Physical Activity 

A self-administered habitual physical activity questionnaire was obtained and participants completed 
the questionnaire with the instruction of trained school teachers. Participants were asked to recall and 
record activities including frequency and duration of indoor/outdoor activities. The questionnaire was 
established by the John Tung Foundation [27], and has been found to be validated and has acceptable 
test/retest reliability by the Ministry of Education, Taiwan [20]. Participants were asked the question, 
"How many times weekly do you engage in physical sports outside of school (jogging/running, 
gymnastics, dancing, swimming, ball games and free play, etc.)!" Physical sports were defined as 
moderate and/or vigorous physical activities in the questionnaire. The possible answers were none, 
1-2 times, 3-4 times, 5-6 times, and more than 7 times. Another question was, "How many minutes 
daily do you engage in physical sports outside of school?" The possible answers were less than 15 min, 
16-30 min, 31-15 min, 46-60 min, and more than one hour. Participants who participated in sports 
and/or vigorous activity at least three times weekly with each session lasting at least 30 min were 
defined as having regular physical activity. Irregular physical activity was defined as participants who 
participated in sports and/or vigorous free play less than three times per week for less than 30 min each 
time. Their physical activity status was dichotomized into regular physical activity and irregular 
physical activity. 

2.2.3. Cardiorespiratory Fitness 

Cardiorespiratory fitness was assessed by an 800-m run held during physical education classes in 
elementary schools. The 800-m run was measured once to evaluate the speed of movement. 
Children were tested in groups of 6. Children were instructed to maintain a steady pace and finish as 
quickly as possible. If unable to continue running, the students were allowed to walk. 
Times were recorded in seconds. Physical education teachers in each school took the measurements. 
Protocols were described in detail in a technical manual provided to all schools and participating 
teachers, as well as demonstrated and practiced at local and regional training seminars. 
All timekeepers used in this study were calibrated regularly. Quality control and safety during 
the measurements were emphasized. 

Participant performances in the cardiorespiratory test were classified into one of five levels, 
based on the normal distribution of physical fitness in Taiwan [20]. The participants in the extreme 
qualities within cardiorespiratory performance were classified as performing poorly {i.e., the lowest quartile 
less than 25th percentile) and performing well {i.e., the highest quartile more than 75th percentile). 

2.3. Data Analysis 

First, descriptive statistics for gender, BMI and habitual physical activity were calculated to 
characterize all of the participants. All participants were analyzed with respect to gender difference in 
BMI, 800-m run score, BMI category and physical activity level with independent sample ?-tests and 
chi-square tests. Second, participants in the "unfit" {i.e., the lowest quartile) and "fit" {i.e., the highest 
quartile) groups [28] were selected for comparison of the differences in BMI categories and physical 
activity levels between the genders with chi-square tests. The association between BMI, 
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physical activity levels, and cardiorespiratory fitness was also analyzed using binary logistic 
regression. The dummy variable for weight status was used. Obese students with irregular physical 
activity were used as the reference groups. Next, confidence intervals (CIs) were calculated. 
All analyses were performed based on gender. Analyses were performed with SPSS version 15.0 
(SPSS, Inc., Chicago, IL, USA) and the level of significance was set to 0.05. 

3. Results 

Table 1 summarizes the prevalence of overweight and obese participants by gender. The prevalence 
of overall combined overweight and obese children was 29.6%. Boys were more likely to be 
overweight/obese than girls (34.0% vs. 25.0%). Prevalence of underweight participants was 16.0% in 
boys and 16.2% in girls. Overall, 53.9% of the participants had irregular physical activity, while 46.1% 
had regular physical activity. Boys performed significantly {p < 0.001) better in the 800-m run 
(276.65 v*. 287.13 seconds) than girls did. 



Table 1. Sample characteristics. 



Characteristics 


Boys (« = 1230) 


Giris (« = 1189) 


Total (« = 2419) 


p-value 


BMI (mean and SD) 


20.48 (4.47) 


19.68 (3.69) 


20.09 (4.12) 


<0.001 


800-m run (s) 


276.65 (64.41) 


287.13 (56.90) 


281.80 (61.05) 


<0.001 


BMI category (n and %) 








<0.001 


Underweight 


197 (16.0) 


195 (16.4) 


392 (16.2) 




Normal weight 


614 (49.9) 


697 (58.6) 


1,311 (54.2) 




Overweight 


170(13.8) 


144(12.1) 


314(13.0) 




Obesity 


249 (20.2) 


153 (12.9) 


402 (16.6) 




Physical activity (n and %) 








<0.001 


Regular 


699 (56.8) 


416 (35.0) 


1,115 (46.1) 




Irregular 


531 (43.2) 


773 (65.0) 


1,304 (53.9) 





Table 2 shows the characteristics of the participants in the fit and unfit categories. A total of 
1260 elementary school children (628 boys, 632 girls) were categorized as unfit (i.e., the lowest quartile) 
and fit (i.e., the highest quartile). The proportions of overweight/obese-unfit boys were significantly 
higher than that of overweight/obese-fit ones (16.2% vs. 6.1%; 41.5% v*. 3.4%). The proportion of 
overweight/obese-unfit girls was significantly higher than that of overweight/obese-fit ones 
(14.1% vs. 9.7%; 22.3% vs. 5.3%). The fit group for both genders had significantly higher rates 
of regular physical activity than the unfit group for both genders (boys: 71.6% vs. 48.6%; 
girls: 42.6% vs. 30.0%). 

Table 3 shows the results of binary logistic regression analysis on cardiorespiratory fitness, 
based on BMI and with regular/irregular physical activity for boys and girls. Underweight children 
were more likely to belong to the fit group than the obese children were (boys: Odds ratio (OR): 19.29, 
95% CI = 9.29^0.05; girls: OR: 6.24, 95% CI = 3.24^12.04). Additionally, the normal weight 
children were more likely to belong to the fit group than the obese children were (boys: OR: 19.75, 
95% CI = 10.21-38.22; girls: OR: 4.66, 95% CI = 2.69-8.09). Moreover, the overweight children were 
more likely to belong to the fit group than the obese children were (boys: OR: 3.24, 95% CI = 1.40-7.49; 
girls: OR: 2.68, 95% CI = 1.34-5.33). 
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Table 2. Characteristics of the participants in the extreme qualities based on gender and 
cardiorespiratory fitness. 



Measure 


Boys (n = 628) Unfit 


Fit 


p-value 


Girls (n = 632) Unfit 


Fit 


p-value 


Weight status 
(n and %) 






<0.001 






<0.001 


Underweight 


41 (11.3) 


65 (24.6) 




36(11.5) 


64 (20.1) 




Nonnal weight 


113 (31.0) 


174 (65.9) 




163 (52.1) 


207 (64.9) 




Overweight 


59 (16.2) 


16(6.1) 




44(14.1) 


31 (9.7) 




Obesity 


151 (41.5) 


9 (3.4) 




70 (22.3) 


17 (5.3) 




Physical activity 






<0.001 






<0.001 


Regular 


177 (48.6) 


189 (71.6) 




94 (30.0) 


136 (42.6) 




Irregular 


187 (51.4) 


75 (28.4) 




219 (70.0) 


183 (57.4) 





Notes: Weight status is based on the BMI international cutoff values as underweight, normal weight, 
overweight and obese. Regular physical activity is defined as children who participated in sports and/or 
vigorous free play at least three times per week for at least 30 min each time. Irregular physical activity is 
defined as children who participated in sports and/or vigorous free play less than three times per week for less 
than 30 min each time. 



Table 3. Cardiorespiratory fitness indicators in boys and girls. 

Boys Girls 
Measure 95% CI »-value 95% CI p-value 
(n = 628) OR (n = 632) OR ^ 

BMI (Obesity) 

Underweight 19.29 9.29-40.05 <0.001 6.24 3.24-12.04 <0.001 

Normal weight 19.75 10.21-38.22 <0.001 4.66 2.69-8.09 <0.001 

Overweight 3.24 3.24 1.40-7.49 0.006 2.68 1.34-5.33 0.005 

Physical activity (Irregular) 

Regular 2^05 1.40-3.01 <0.001 1.63 1.16-2.30 <0.001 

Notes: OR, odds ratio; CI, confidence interval. Weight status is based on the BMI international cutoff values 
as underweight, normal weight, overweight and obese. Regular physical activity is defined as children who 
participated in sports and/or vigorous free play at least three times per week for at least 30 min each time. 
Irregular physical activity is defined as children who participated in sports and/or vigorous free play less than 
three times per week for less than 30 min each time. 

Although the children with regular physical activity were more likely to belong to the fit group than 
the children with irregular physical activity were (boys: OR: 2.05, 95% CI = 1.40-3.01; 
girls: OR: 1.63, 95% CI = 1.16-2.30), active boys had higher odds than active girls. Regular physical 
activity plays an important role in cardiorespiratory fitness. 

4. Discussion 



This study examined the relationship between physical activity, BMI (underweight, normal, 
overweight and obese) and cardiorespiratory fitness levels in Taiwanese children. According to our 
results, the prevalence of overweight and obese children for both boys and girls (boys: 34.0%; 
girls 25.0%) is significantly higher than that found in the national survey in Taiwan (boys: 29%; 
girls: 21%) [7]. The prevalence of overweight and obese children in our study are much higher 
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(boys: 34.0%; girls 25.0%) than that in China (boys: 26.5%; girls: 18.7%) [5] and Japan (boys: 17.6%; 
girls 12.2%) [4]. Similarly, Chu and Pan [29] evaluated the prevalence of obesity among 
2450 elementary schoolchildren and found that the highest rates occurred in southern Taiwan. 
Our results show that the childhood obesity trend in southern Taiwan is generally higher than in 
other Asian countries. 

Another interesting result was that the prevalence of underweight children in our study (boys: 16.4%; 
girls 16.0%) was higher than that in China (boys: 2.0%; girls 4.7%) (Shang et al. [6]) in Japan 
(about 3% for both genders) [30], or in Portugal (boys: 3.9%; girls 5.6%) [31]. Our study shows that 
southern Taiwan generally had more underweight and overweight children than the northern and 
central areas of the country. This may be related to socio-economic status. The participants in this 
study were selected from suburban areas of Taiwan where approximately 10% of children are 
commonly reared by their grandparents and are from lower socioeconomic groups [32]. As shown in 
previous studies [33-35], lower levels of education and lower income levels are associated with being 
underweight, overweight and obese. Further studies including socioeconomic data would help 
elucidate these complex relationships. 

Our results indicate that Taiwanese children of a normal BMI generally have a better 
cardiorespiratory fitness level than underweight and overweight/obese children. He et al. [36] 
demonstrate strong negative association between cardiorespiratory fitness levels and Chinese children's 
BMI and weight gain. An impaired running ability, often observed in obese children, is closely related 
to the increased demand required to move the excess body weight [37-39]. Therefore, further research 
is warranted, especially longitudinal studies of cardiorespiratory fitness levels and body size. 

This study has demonstrated that physically active children have a significantly higher cardiorespiratory 
fitness level than inactive children do. Ruiz et al. [40] observed Spanish youth and came to a similar 
conclusion. Cardiorespiratory fitness has been considered a better index of the activity level than direct 
and short-term measures of physical activity [18]. Although our results cannot be compared with 
international studies due to using different methods, these results could support a recommendation to 
the government to develop health promotion strategies that target cardiorespiratory fitness for children. 

Limitations 

Despite its contributions, this study has several limitations. The results of this study regarding 
relationship between physical activity, body mass index, and cardiorespiratory fitness levels in 
Taiwanese children should be interpreted carefully. The cross-sectional design of this study cannot be 
drawn conclusions on the direction of the relationships. Results can be only generalized to similar 
populations. Another limitation relies on the self-reported of physical activity. Cardiorespiratory fitness 
was not assessed by the y02max response which is an important determinant of the aerobic contribution. 
However, previous studies [22,23,41] have demonstrated a high correlation with 800-m run test. 
Sexual maturation of the girls was not assessed. Maturing girls may perform poorer in physical fitness 
tests due to higher fat mass [42,43]. Finally, this study classified weight status based on BMI. 
Despite its extensive use to define weight status, BMI is not an accurate measure of fat. Percentage of 
body fat should be considered, and precise measures of body fat should be taken in future studies. 
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5. Conclusions 

The overall prevalence of overweight and obese children in southern Taiwan is higher than in 
other Asian countries. Also, boys performed significantly better on cardiorespiratory fitness tests than 
girls did. Additionally, BMI significantly influences cardiorespiratory fitness levels for both boys and 
girls. This study also finds that children who are physically active have a significantly higher 
cardiorespiratory fitness level than those who are inactive. Given the high prevalence of childhood 
obesity, improving the cardiorespiratory fitness level of children could dramatically improve public 
health. Further studies should elucidate such complex relationships by incorporating a level of physical 
activity and including data on dietary intake, puberty, and socioeconomic status. 

Acknowledgments 

The school children, parents, school administrators, teachers and school nurses are commended for 
their participation in this study. 

Author Contributions 

The conception and design of the study were undertaken by Pei-Lin Hsieh and Li-Chun Chang. 
The analysis and interpretation of data were undertaken by Li-Chun Chang, Chiu-Mieh Huang, 
Wen-Chyuan Chen and Chun-Huei Li. Data collection was undertaken by Min-Li Chen. Drafting the 
article was undertaken by Pei-Lin Hsieh and Li-Chun Chang. Revising the manuscript critically for 
important intellectual content was undertaken by Pei-Lin Hsieh, Li-Chun Chang, Li-Chun Chang, 
Chiu-Mieh Huang, Wen-Chyuan Chen and Chun-Huei Li. Final approval of the version to be 
submitted was undertaken by Pei-Lin Hsieh and Li-Chun Chang. 

Conflicts of Interest 

The authors declare no conflict of interest. 
References 

1. Lobstein, T.; Baur, L.; Uauy, R. Obesity in children and young people: A crisis in public health. 
Obes. Rev. 2004, 5, S4^S85. 

2. Wang, Y.; Lobstein, T. Worldwide trends in childhood overweight and obesity. Int. J. Pediatr. Obes. 
2006, i, 11-25. 

3. Health Promotion and Administration Ministry of Health and Welfare. Healthy Weight Management. 

Available online: http://obesity.hpa.gov.tw/web/list.aspx?no=586 (accessed on 3 February 2013). 

4. Mak, K.K.; Ho, S.Y.; Lo, W.S.; BMcManus, A.M.; Day, J.R.; Lam, T.H. Health-related physical 
fitness and weight status in Hong Kong adolescents. BMC Public Health 2010, 10, 1-5. 

5. Matsushita, Y.; Yoshiike, N.; Kaneda, K.; Yoshita, K.; Takimoto, H. Trends in childhood obesity 
in Japan over the last 25 years from the national nutrition survey. Obes. Res. 2004, 12, 205-214. 



Int. J. Environ. Res. Public Health 2014, 11 



7283 



6. Shang, X.; Liu, A.; Li, Y.; Hu, X.; Du, L.; Ma, J.; Xu, G.; Li, Y.; Guo, H.; Ma, G. The association 
of weight status with physical fitness among Chinese children. Int. J. Pediatr. 2010, 
doi: 10.1155/2010/515414. 

7. Bureau of Health Promotion Department of Health Taiwan. Obesity Map. Available online: 
http://www.bhp.doh.gov.tw/BHPnet/Portal/Them.aspx?No=201 1081 10001 (accessed on 5 May 
2013). 

8. Froberg, K.; Andersen, L.B. Mini review: Physical activity and fitness and its relations to 
cardiovascular disease risk factors in children. Int. J. Obes. 2005, 29, S34— S39. 

9. Malnick, S.D.H. ; Knobler, H. The medical complications of obesity. QJM 2006, 99, 565-579. 

10. Perez Gomez, G.; Huffman, F.G. Rick factors for type 2 diabetes and cardiovascular diseases in 
Hispanic adolescents. /. Adolesc. Health 2008, 150, 388-394. 

11. Padilla-Moledo, C.; Castro-Pinero, J.; Ortega, F.B.; Mora, J.; Marquez, S.; Sjostrom, M.; Ruiz, J.R. 
Positive health, cardiorespiratory fitness and fatness in children and adolescents. Eur. J. Public Health 
2012, 22, 52-56. 

12. Wang, D.; Li, Y.; Lee, S.G.; Wang, L.; Fan, J.; Zhang, G.; Wu, J.; Ji, Y.; Li, S. Ethnic differences 
in body composition and obesity related risk factors: Study in Chinese and white males living 
in China. PLoS One 2011, 6, doi:10.1371/journal.pone.0019835. 

13. Eisenmann, J.C.; Welk, G.J.; Wickel, E.E.; Blair, S.N. Combined influence of cardiorespiratory 
fitness and body mass index on cardiovascular disease risk factors among 8-18 year old youth: 
The Aerobics Center Longitudinal Study. Int. J. Pediatr. Obes. 2007, 2, 66-72. 

14. Oda, E. Letter by Oda regarding article "relationships between indices of obesity and its 
cardiovascular comorbidities in a Chinese population". Circ. J. 2008, 72, 1553. 

15. Aires, L.; Pratt, M.; Lobelo, F.; Santos, R.M.; Santos, M.P.; Mota, J. Associations of 
cardiorespiratory fitness in children and adolescents with physical activity, active commuting 
to school, and screen time. J. Phys. Act. Health 2011, 8, S198-S205. 

16. Boddy, L.M.; Fairclough, S.J.; Atkinson, G.; Stratton, G. Changes in cardiorespiratory fitness in 
9-10.9 year old children. Med. Sci. Sport. Exercise 2011, doi:10.1249/MSS.0b013e3182300267. 

17. Parikh, T.; Stratton, G. Influence of intensity of physical activity on adiposity and cardiorespiratory 
fitness in 5-18 year olds. Sport. Med. 2011, 41, 477-488. 

18. Grund, A.; Dilba, B.; Forberger, K.; Krause, H.; Siewers, M.; Rieckert, H.; Miiller, M.J. 
Relationships between physical activity, physical fitness, muscle strength and nutritional state in 
5-to 11-year-old children. Eur. J. Appl. Physiol. 2000, 81, 425-438. 

19. Chen, L.J.; Fox, K.R.; Haase, A.M. Body shape dissatisfaction and obesity among Taiwanese 
adolescents. Asia Pac. J. Clin. Nutr. 2008, 17, 457-460. 

20. Ministry of Education, Taiwan. Physical Fitness. Available online: http://www.fitness.org.tw/ 
sitemap.php (accessed on 20 November 2013). 

21. Wu, C.H. A Correlative Study of Gradually STEP test, 800-m Walk-Run Test and Maximal Oxygen 
Uptake. Master Thesis, National Pingtung University of Education, Pingtung, Taiwan, 1 July 2004. 

22. Her, G.P. The Study of 800-m Run/Walk, Pacer and Gradually Step Test as Predictive Tests of 
the Maximal Oxygen Uptake of Elementary School Children. Master Thesis, National Taipei 
University of Education, Taipei, Taiwan, 13 May 2007. 



Int. J. Environ. Res. Public Health 2014, 11 



7284 



23. Tsai, C.C.; Yung, C.S. Relationship among 800-m Walk/Run and 1600 Walk/Run and y02max. 
oxygen uptake in primary school children. J. Natl. Taipei Univ. Educ. 2009, 4, 75-79. 
(in Chinese) 

24. Chen, H.J.; Bai, C.H.; Yeh, W.T.; Chiu, H.C.; Pan, W.H. Influence of metabolic syndrome and 
general obesity on the risk of ischemic stroke. Stroke 2006, 57, 1060-1064. 

25. Cole, T.J.; Bellizzi, M.C.; Flegal, K.M.; Dietz, W.H. Establishing a standards definition for child 
overweight and obesity worldwide: International survey. BM/2000, 320, \1AQ-\1A2). 

26. Cole, T.J.; Fiegal, F.K.; NichoUa, D.; Jackson, A. A. Body mass index cut offs to define thinness 
in children and adolescents: International survey. 5M/2007, 335, 194—202. 

27. John Tung Foundation. Healthy Diet. Available online: http://nutri.jtf.org.tw/ (accessed on 1 May 
2013). 

28. Huang, Y.C.; Malina, R.M. Physical activity and health-related physical fitness in Taiwanese 
adolescents. J. Physiol. Anthropol. Appl. Hum. Sci. 2002, 21, 11-19. 

29. Chu. N.F.; Pan, W.H. Prevalence of obesity and its comorbidities among schoolchildren 
in Taiwan. Asia Pac. J. Clin. Nutr. 2007, 16, 601-607. 

30. Inokuchi, M.; Matsuo, N.; Takayama, J.I.H.; Hasegawa, T. Prevalence and trends of underweight 
and BMI distribution changes in Japanese teenagers based on the 2001 national survey data. 
Ann. Hum. Biol. 2007, 34, 354-361. 

31. Marques- Vidal, P.; Ferreira, R.; Oliveira, J.M.; Paccaud, F. Is thinness more prevalent than 
obesity in Portuguese adolescents. Clin. Nutr. 2008, 27, 531-536. 

32. Hsu, J.J.; Lin, Z.W.; Lu, W.L. The prevalence of grandparents in Taiwan and school strategy. 
Sch. Admin. Res. Assn. R.O.C. 2007, 47, 336-347. (in Chinese) 

33. Babar, N.F.; Muzaffar, R.; Khan, M.; Imdad, S. Impact of socioeconomic factors on nutritional 
status in primary school children. J. Ayub. Med. Coll. 2010, 22, 15-18. 

34. Moore, S.; Hall, J.; Harper, S.; Lynch, J. Global and national socioeconomic disparities in obesity, 
overweight, and underweight status. Int. J. Obes. 2010, 2010, 1-11. 

35. Purslow, L.R.; Young, H.; Wareham, N.J.; Forouhi, N.; Brunner, E.J.; Luben, R.N.; Welch, A. A.; 
Khaw, K.T.; Bingham, S.A.; Sandhu, M.S. Socioeconomic position and risk of short-term 
weight gain. BMC Public Health 2008, 8, 1-6. 

36. He, Q.Q.; Wong, T.W.; Du, L.; Jiang, Z.Q.; Yu, T.S.; Qiu, H.; Gao, Y.; Liu, W.J.; Wu, J.G. 
Physical activity, cardiorespiratory fitness, and obesity among Chinese children. Prev. Med. 2011, 
52, 109-113. 

37. Artero, E.G.; Espana- Romero, V.; Ortega, F.B.; Jimenez- Pavon, D.; Ruiz, J.R.; Vicente-Rodriguez, 
G.; Bueno, M.; Marcos, A.; Gomez-Martmez, S.; Urzanqui, A.; et al. Health-related fitness 
in adolescents: Underweight, and not only overweight, as an influencing factor. The AVENA study. 
Scand. J. Med Sci. Sports 2010, 23, 418-427. 

38. Burke, G.L.; Bertoni, A.G.; Shea, S.; Tracy, R.; Watson, K.E.; Blumenthal, R.S.; Chung, H.; 
Carnethon, M.R. The impact of obesity on cardiovascular disease risk factors and subclinical 
vascular disease: The multi-ethnic study of atherosclerosis. Arch. Intern. Med. 2008, 168, 
928-935. 

39. Nevil, A.; Tsiotra, G.; Tsimeas, P.; Koutedakis, Y. AUometric associations between body size, 
shape, and physical performance of Greek children. Pediatr. Exerc. Sci. 2009, 21, 110-12)1. 



Int. J. Environ. Res. Public Health 2014, 11 



7285 



40. Ruiz, J.R.; Ortega, F.B.; Castillo, R.; Martin-Matillas, M.; Kwak, L.; Vicente-Rodriguea, G.; 
Noriega, J.; Tercedor, P.; Sjostrom, M. Physical activity, fitness, weight status, and cognitive 
performance in adolescents. J. Pediatr. 2010, 157, 917-922. 

41. Berenson, G.S.; Wattigney, W.A.; Tracy, R.E.; Newman lii, W.P.; Srinivasan, S.R.; Webber, L.S.; 
Dalferes, E.R., Jr.; Strong, J.P. Atherosclerosis of the aorta and coronary arteries and cardiovascular 
risk factors in persons aged 6 to 30 years and studied at necropsy (the Bogalusa Heart Study). 
Amer. J. Cardiol. 1992, 70, 851-858. 

42. Nedeljkovic, A.; Mirkov, D.; Kukolj, M.; Ugarkovic, D.; Jaric, S. Effect of maturation on 
the relationship between physical performance and body size. J. Strength Cond. Res. 2007, 21, 
245-250. 

43. Saygin, O.; Zorba, E.; Karacabey, K.; Mengutay, S. Gender and maturation difference in 
health-related physical fitness and physical activity in Turkish children. Pakistan. J. Biol. Sci. 
2007, 10, 1963-1969. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.Org/licenses/by/3.0/). 



